Zinc iodide-osmium tetroxide(ZIO) staining still having an unresolved problem in its reactive mechanism as silver impregnation has been applied for the morphological investigation of synaptic endings (1, 3-9, 11, 12). Synaptic vesicles appear very electron dense with this staining. Degenerating terminals proved to be more strongly reactive to this staining than normal terminals. There have been few attempts to scrutinize degenerating terminals of mammalian central nervous system by means of this staining. The aim of the present study, therefore, is to detect the structure of degenerating terminals and to distinguish the degenerating stages using this staining method.
Zinc iodide-osmium tetroxide(ZIO) staining still having an unresolved problem in its reactive mechanism as silver impregnation has been applied for the morphological investigation of synaptic endings (1, 3-9, 11, 12) . Synaptic vesicles appear very electron dense with this staining. Degenerating terminals proved to be more strongly reactive to this staining than normal terminals. There have been few attempts to scrutinize degenerating terminals of mammalian central nervous system by means of this staining. The aim of the present study, therefore, is to detect the structure of degenerating terminals and to distinguish the degenerating stages using this staining method.
MATERIALS AND METHODS
Fifteen albino rats were used in this study; 12 as experimental materials, 3 as control.
Total-or hemisection was performed on the animals in this experiment at the upper thoracic segment under nembutal anaesthesia. After survival periods from 1 to 7 days, they were perfused with 4% paraformaldehyde adjusted at pH 7.4 with 0.05 M phosphate through the left ventricle. After perfusion, some parts of the spinal cord beneath the operated portion just adjacent to the portion of operation to the lumbar enlargement were removed and divided into two batches, one for ordinary electron microscopy and the other for ZIO reaction.
The portion just adjacent to the operated segment in the rats surviving 7 days should show severest degenerating axons and terminals, while we should encounter axons and terminals with lightest damage in the lumbar enlargement of animals surviving for one day. IBATA ET AL.
The blocks of spinal cords for ordinary electron microscopy were postfixed with 2% osmium tetroxide solution followed by dehydration with a graded series of aceton and embedded in Epon 812 mixture. For ZIO reaction, the blocks of spinal cords were incubated in 2% modified ZIO mixture for 16 hrs at 4°C. The composition of modified ZIO mixture was described in a previous paper (6) . After incubation in modified ZIO mixture, the blocks of spinal cords were dehydrated in a graded series of aceton and embedded in Epon 812 mixture. Thin sections from the ventral horn stained with uranyl acetate and lead acetate were examined under a JEM 7 electron microscope. The control animals without operation were treated in the same manner as the experimental animals.
OBSERVATIONS 1. Normal synaptic endings with ZIO reaction
Considerable numbers of synaptic vesicles in axo-somatic and axo-dendritic synapses distributed in the ventral horn of nonoperated control animals were stained black after ZIO reaction ( Fig. 1 ). Two kinds of synaptic endings, the one containing spherical vesicles predominantly (S type), the other containing flattened vesicles (F type), were classified in the ventral horn. Both types of F a. 1. Normal synaptic endings with ZIO reaction.
Three terminals containing darkly stained synaptic vesicles are observed in this picture.
S, S type terminal containing spherical synaptic vesicles; F, F type terminal containing flattened synaptic vesicles. X 18,000.
Fia. 2. The degenerating terminal by ordinary electron microscopy.
The degeenerating terminal appears with mitochondria, synaptic vesicles and matrix with very high electron density.
x 30,000. (Fig. 2) . Very dense clumps where we could not distinguish synaptic vesicles, and mitochondria were also observed being engulfed by astrogl.ial processes in the ventral horn of the operated animals. Those structures could be considered to be due to severe condensation of synaptic vesicles and mitochondria. The ratio of those structures appearing in the ventral horns was higher in the adjacent portion of the operation in animals 7 days after transection than in the lumbar enlargement in animals 1 day after operation. 3. Degenerating synaptic endings with ZI0 reaction Several characteristic features of terminals different from normal synaptic endings appeared in the ventral horns of operated animals according to their topographical relation to the operation and survival periods. A number of synaptic endings with black stained mitochondria in addition to positive reactive synaptic vesicles were observed in the ventral horn of the lumbar enlargement in animals of short survived time, such as 1 or 2 days (Fig. 3) . Almost all the synaptic vesicles appeared as being stained black in these terminals. The occurrence of these highly stained mitochondria, especially their matrices, was considered to be the initial sign of degenerating terminals after ZIO reaction. In the lower thoracic segments of the animals surviving for 2 or 3 days we found a lot of synaptic endings where all of the synaptic vesicles were stained black, in addition to heavily reacted mitochondria, and presynaptic membranes showing positive reaction with ZIO (Fig.  4) . Almost the entire vesicular spaces were occupied by ZIO positive substance. However matrices of synaptic endings remained as non-reacted less dense areas, because it was possible to distinguish synaptic vesicles and mitochondria in them. Those terminals were regarded as being in a more advanced stage of degeneration than the initial one. A large number of very strongly stained dark clumps, clearly distinguishable from the surrounding structures, were found in the ventral horn of the upper thoracic segment near the operated portion in the animals surviving for 7 days (Fig. 5) . Although several synaptic vesicles in some of the dense clumps were still visible owing to non-stained vesicular membrane, being observed as those of negative staining, synaptic vesicles and mitochondria could hardly be distinguished in those structures, since synaptic matrices were stained black. These dense clumps were considered to be the features of severest degeneration. Numerous other structures depending on the process of degeneration were also observed besides the three types of degenerating features presented above after ZIO reaction.
DISCUSSION
ZIO staining methods for degenerating terminals have been reported using cephalopod brain (8, 5) , avian tectum (2), rat moter endoplate (10) and cat dorsal root of spinal cord (13) as materials. Degenerating terminals were generally demonstrated as having a heavy reaction with ZIO in comparison with non-degenerating terminals. In some of the above investigations, the synaptic vesicles of degenerating terminals were also described as having increased in size (2 , 5) . No investigation drawing attention to the examination of the degenerating stages, however, had been made using ZIO staining until now. Degenerating terminals, in this study, were generally classified into three types of initial, intermediate and advanced stages in accordance with the appearance of ZIO reaction. In the initial stage of degeneration, mitochondria in the terminal boutons seemed to have a strong affinity for ZIO reaction. And, thereafter all synaptic vesicles and synaptic membranes began to show positive reaction in addition to the mitochondria. This stage could be considered to be the intermediate one. The dense substances in the synaptic vesicles seemed to increase in size, but synaptic vesicles themselves, did not increase in size, as mentioned by other investigators (2, 5) . In the severest degeneration, synaptic terminals displayed strongly dense profiles where any mitochondria or synaptic vesicles could hardly be found. However, strong reaction with ZIO was restricted in the structures surrounding the terminals even in the most advanced stage. It is also very interesting that the appositional postsynaptic membrane never showed positive reaction even when the presynaptic membrane stained black in the intermediate stage of degeneration. In the present study, we never encountered the disappearance of dark-stained axons and terminals as mentioned in degenerated endplates by Nickel and Waser (10) . The increase of reactivity with ZIO in mitochondria, synaptic vesicles, synaptic membrane and matrices of degenerating terminals could be assumed to be due to the consequence of unknown biochemical alteration occurring in the degenerating terminals. The change of ZIO reactivity not due to denervation was demonstrated by Niklowitz (11) in the mossy fiber boutons and the granular cells of the hippocampal region after treatment with 3-acetylpyridine, reserpine and iproniazid. By ordinary electron microscopy, we could not confirm degenerating terminals until their mitochondria, synaptic vesicles and matrices remarkably increased in electron density. They could be considered to be in the intermediate stage of the degeneration detected by ZIO staining method. ZIO staining in this study was clarified to be a valuable tool for the detection of degenerating processes especially in the initial stage, since mitochondria) membrane and matrices have affinity with ZIO reaction prior to the reactivity of other structures. 
